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To better characterize the role of serotonin in the Arthus 
reaction, we exa_mined the concentration of the amine and 
the activities of serotonin-metabolizing enzymes, mono-
amine oxidase (MAO) and serotonin-N-acetyltransferase 
(NAT), in reaction sites induced in guinea pig skin. The 
specific activity of total MAO in the intact skin was 108.0 ± 
15.9 pInol/min/mg protein, and consisted of about 92% of 
type A activity and 8% of type B. The activity of total MAO 
was about 10 times greater than that of NAT. Total MAO 
activity increased to 130%-150% of control levels at 2 h 
after initiation of the reaction and approximated the control 
level at 3 to 6 h. Subsequently, the activity decreased linearly 
to 50% at 12 h and to 20% at 24 h. Although the time-de-
pendent changes of MAO type A activity were similar to 
Serotonin (5-hydroxytryptamine), considered to be a po-tent chemical mediacor of inflammation. is synthesized in mammalian tissues from tryptophan by two-step reactions mediated by tryptoph.:m 5-hydroxylase and aromatic L-amino acid decarboxylase. The amine is also metabolized 
by two main pathways, oxidative deamination by monoamine oxi-
dase (MAO) and acetylation by serotonin-N-acetyltransferase 
(NAT). MAO appears [0 be uniformly distributed in mitochondria 
in many tissues, including the skin [1.2}. while NAT is detected 
only in certain [issues, such as [he pineal gland [3,4J and liver [5]. 
Serotonin has been reported to have no role in the Arthus reaction 
[6]. although intracutaneous injection of such a small amount as 10 
ng of the amine causes a prominent erythematous reaction [7]. From 
our recem examinations we suggested this amine may playa role in 
[he Arthus reaction because the concentration of sermonin in-
creased significantly to twofold that of the baseline levels in Anhus 
reaction sites induced in guinea pig skin 24 h after the initiation, 
while concentrations of other represemuive biogenic amines, in-
cluding histamine, dopamine, tryptamine, and [},ramine, were 
somewhat decreased [8,9]. If serotonin is released and metabolized 
at the inflammatory sites, the magnitude of the serotonin-induced 
inflammation may depend on the balance between the liberation of 
the amine from cells and the activities of serotonin-metabolizing 
enzymes in the tissue during the early stages of the inflammation. 
Little invesrigation concerning this relationship has been per-
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AbbrC'viations: 
ONCS: dinitrochlorobenzene 
HMT: histamine-N.methyltnnsfense 
MAO: monoamine oxidase 
NAT: serotonin-N.acC'ryltransferau-
those of total MAO activity, MAO type B activity increased 
to 42% at 30 min, remained at 30% - 40% until 6 h, and then 
decreased to 20% at 12 h and to 5% at 24 h. NAT activity in 
the reaction sites decreased with time to 50% of the control at 
30 min and to 35% at 4 h and was stationaty until 24 h. The 
serotonin concentration decreased linearly with time to 16% 
of the control level at 1 h, increased sharply to 240% at 6 h, 
and remained at more than 200% until 24 h. This biphasic 
change in serotonin concentration seems to be related to the 
dynamic changes in the activities of serotonin-degrading en-
zymes. In additioll, the accumulation of platelets in the reac-
tion sites may increase serotonin concentration and MAO 
activity subsequent to 1 h after the initiation. J Invest Dermatol 
94:120-125, 1990 
formed. To better clarify the role of serotonin in the Arthus reac-
tion. we have examined the concentrations of the amine and the 
activities of two serotonin-metabolizing enzymes in the reaction 
sites induced in guinea pig skin. From these results we propose 
possible mechanisms for the serotonin increase in the reaction sites. 
as well as an important role for this amine in the Arthus reaction. 
MATERIALS AND METHODS 
Chemical Agents The following chemicals were used: trypta-
mine hydrochloride (Nacalai «sque, Kyoto, Japan), [side chain-2-
'
4 CJ-tryptamine bisuccinate (56.1 mCi/mmol. New England Nu-
clear, Boston), [aceryl-I-"Cj-aceryl coenzyme A (54.3 mCi/mmol, 
New England Nuclear), aceryl coenzyme A (Sigma, St. Louis, MO), 
pargyline hydrochloride (Sigma), crystalized ovalbumin (Sigma), 
dinitrochlorobcllzene (Nacalai). and crOtOn oil (Nacalai). Other 
chemicals wcre of analytical grade and obtained commercially. 
Preparation of Cutaneous In8ammatioDs Twenty-eight 
Dunkin-Hartley guinea pigs of either sex weighing 300- 400 g 
were used. All inflammation was induced on the dorsal surface of 
guinea pigs. The an_imals were maintained under diurnal lighting 
coriditions with standard room light lamps on from 6 a.m. to 6 p.m. 
for at least 7 d. because circadian rhythm in serotonin-N-aceryl-
transferase activity has been reported. with 15- to 45-fold increases 
at night in the pineal gland [3.4J. The hair was shaved before the 
procedures. Three types of experimentally induced inflammation 
were used. Croton oil dermatitis (primary irritant inflammation) 
and dinitrochlorobenzene (ONCB) allergic dermatitis (delayed 
type hypersensitivity) were each induced in four guinea pigs. and 
the Arthus reaction was produced in 16 guinea pigs. Four ocher 
animals served as controls. Croton oil dermatitis and DNCB aBer· 
gic dermatitis were induced as described previously [to]. and in-
flamed skin was biopsied 24 h later (at noon). The Arthus reaction 
was induced as described by Turk and Pol2k [11 J, with a minot 
modification as reported elsewhere [10]. Sensitization was per-
formed with two intracardiac injections (separated by an interval of 
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Figure 1. Effects of pargyline on monoamine oxidasc activity ill guinea pig 
skin (dosed circles) and platelets (Clperl cirdes). One hundred micrograms of 
enzymc preparation from intact guine2 pigskin orplatdets was preincubated 
for 20 min at 3rC (in 0.1 M potassium phosphate buffer, pH 7.8) with 
various concentration of pargyline as indicated, before starting the rcaction 
by the addition of 0.67 mM I·e-tryptamine. Thcn samples were incubated 
for 20 min at 37°C in a total volume of 100 pI. Thc enzyme activities in 
guinea pig skin and platelet are expressed as percent activity (100%: 
108.0 ± 15.9 and 41.59 plnol/min/mg protein, respectively). Each point 
rcpresents the mean value of triplicate determinations. 
2 weeks) of 1 mg alum-precipitated ovalbumin in 1 ml saline. The 
Arthus reaction was elicited at noon by intradermal injection of 1 
mg alum-precipi tated ovalbumin in 100,ti1 saline 1 week after the 
second sensitizing injection, and specimens were biopsied from in-
flamed and perilesional intact sites 15 and 30 min, and 1, 2, 3, 4, 6, 
12, and 24 h later. Biopsies were performed without anesthesia to 
avoid possible effects of drugs. 
Assay of Enzymes Activities After a wash in O. 1 54 M potassium 
phosphate buffer (pH 7.8), biopsicd tissue was immediately frozcn 
in an act:lone-dry ice mixture and was stored at -SOC>C. In this 
condition, MAO and NAT activities were stable for at least 2 
months and 2 weeks. respectively. 
Assay of MO,loamine Oxidase (MAO) Actilliry. The skin specimen 
was homogenized in 20 volumes of potassium phosphate buffer (10 
mM, pH 7.8) in a glass-glass homogenizer. The homogenate was 
incubated with '''C-tryptamine. and the enzymatica lly deaminated 
products were extracted and counted according to a method based 
on that of McCaman et al 112J. The reaction mixture contained 
"C-tryptamine (0.67 mM, 0.4 I'Ci), potassium phosphate buffer 
(0.1 M, pH 7.8), and 20-200 I'g of enzyme preparation in a total 
volume of 1001'1 in a glass-stoppered centrifuge tube [13]. After 20 
min of incubation at 37 D C, 0.9 ml of ice-cold potassium phosphate 
buffer (0.1 M, pH 7.8), 0.1 m1 00 N HCI, and 5 ml of water-satu-
rated toluene-ethyl acetate (1 : 1, v/v) mixture were added to the 
reaction mixturc [14]. The tubes were shaken vigorously for 10 
min. Aftcr a brief centrifugation at 2,000 X g to separate the layers, 
a 4-ml aliquot of the organic phase was removed and transferred to 
another centrifuge tube containing 3 mJ of 0.3 N Hel. After shak-
ing and centrifuging, a 3-ml aliquot of the organic phase was trans-
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ferred to a counting vial, and then 8 ml ofliquid-scintillation cock-
tail was added for counting the radioactivity on. a Packard Tn-Carb 
liquid scintillation spectrometer. The activity of total MAO is di-
vided into two groups, type A and B, on the basis of substrate 
specificity and illhibitOr sensitivity [15.16], and the relative pro~r­
tion of these types varies considerably from organ to organ liS]. 
Therefore, the enzyme preparation was pre incubated with pargy-
line, an irreversible and selective inhibitor on MAO type B activity 
[14,15], in 0.1 M potassium phosphate buffer (pH 7.8) for 20 min at 
37 C> C before the addirion of the substrate. Blank values were ob-
tained by omitting enzyme preparation from the incubation mix-
ture. 
Assay of Seroro,Jitl-N-Acetylrramferase (NAT) Activity: The enzyme 
activity was determined according to the method of Deguchi and 
Axelrod [3] with slight modifications. The skin specimen was ho-
mogenized in 20 volumes of potassium phosphate buffer (50 mM, 
pH 6.5). Then 501'1 of the homogenate (80- 200 I'g 01rotein) was 
immedi;aeiy incubated with tryptamine (1.4 mM) an acetylJ4 C_ 
coenzyme A (62 I'M, O.II'Ci) at 37"C for 10 min in a total volume 
of70,ti1. The reaction was stopped by the addition of 0.5 ml of 0.5 M 
borate buffer (PH 10), and subsequently 6 ml of toluene-isoamyl-
alcohol (97:3, v/v) mixture was added. After shaking and centri-
fuging, a 4-ml aJiquot of the organic phase was removed and trans-
ferred to a counting vial. Then, 8 rot of liquid-scintillation cocktail 
was added, and the 14C-acetyltryptamine produced was valuated by 
liquid scintillation spectrometry. Blank values were obtained by 
om itting enzyme preparation from the incubation mixture. 
Assay of Serotonin Concentration Serotonin concentration in 
the Arthus reaction sites was determincd by high performance liq-
uid chromatography as dcscribed prcviously [9]. 
Preparation of Was bed Guinea Pig Platelets Platelets were 
obtained from 40 ml of blood, containing 34.6 X 107 platelets/ml, 
taken from four control guinea pigs. Laboratory utensils and fipets 
made of polycarbonate were used, as described previously [17 . The 
platelet-tich plasma was prepared by centrifugation for 10 min at 
250 X g. Platelets were sedimented by centrifugation at 2,000 X g 
for 20 min and washed twice with Tris-buffered saline (140 mM 
NaCl, 5 mM glucose, 1 mM EDTA,and 15mM Tris-HCI,pH 7.4). 
These washed platelets were prepared for two experimcnts. Onc-
half of the platelets was finally rcsuspended in 0.25 M sucrose for 
enzyme assays and was disrupted by sonication with an ultrasonic 
disruptor, W 185-E (Branson SOllic Power Co., USA), at 50 W for 
30 sec. The second half was resuspended in 0.2 N perchloric acid 
containing 0.1 % sodium bisul6te and. after centrifugation. was used 
for serotonin assay. 
Intradermal Injection of Exogenous Serotonin Within 1 h 
after the initiation of the Arthus reaction, we commonly observed 
tbe formation of erythema, swelling, and purpura, without signifi-
cant necrosis, in the reaction sites. Therefore, exogenous serotonin 
at various concentrations was injected intradermaJiy into the in-
flamed si tes 30 min after the initiation, and then biopsy specimens 
were taken 30 min afrer the injection. 
Table 1. Tissue Concentration of Serotonin and Specific Activities of Two Serotonin-Metabolizing Enzymes" in Intact Guinea Pig Skin 
Serotonin 
Monoamine oxidase 
Serotonin-N-acetyltransfcrasc 
Normal concrol 
Intact area in Arthus-induced animals 
0:00 p.m. (at noon) 
0.025 ± 0.003 pmol/mg wee weight 
108.0 ± 15.9 pmol/min/mg protein 
(4.77 ± 0.65 pmol/min/mg wet weighe) 
10.36 ± 0.97 pmol/minlmg protein 
(0.58 ± 0.02 pmol/min/mg wee weight) 
10.25 ± 0.38 pmol/min/mg protein 
(0.60 ± 0.03 pmol/min/mg wet weight) 
not done 
not done 
0:00 2.m. (at midnight) 
11.56 ± 1.49 pmol/min/mg protein 
(0.62 ± 0.02 pmol/min/mg wee weight) 
13.56 ± 1.67 pmol/min/mg protein 
(0.59 ± 0.11 pmol/min/mg wet weight) 
• RC$\lhs :arc cxptessrd 2S the mean ± SflIndard crror of four skin specimens from four guinca pigs with duplicatc dClcrmllluions. 
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Figure 2. Specific activities of two serotonin-metabolizing enzymes, monoamine oxidase (MAO) and scrotonin-N-acetyltransfense (NAT), in v:lrious 
types of experimentally induced inflammations at 24 h after the initiation. At the left side (MAO activity) the whirt QreG shows the activity of MAO type A 
obtained from the inhibition experiments with pargyline, and the Shddow arta shows the activity of MAO type D calculated from the value of total MAO 
:lcuvity minus MAO type-A activity. Resules are expressed as the: mean ± standard error of four specimens from four guinea pigs with duplic.;atc: determina-
tions . These resulu are essentially rhe same when expressed as pmol/min/mg wet weight. Arthus: the Arthus reaction; DNCB:dinitrochlorobenzene allergic 
dermatitis (delayed ty~ hy~rsensitivity); and Croton: croton oil dermatitis (primary irritative inflammation). 
Others The activity of histamine-N-methyltransferase was as-
sayed as described previously [8]. The amount of l'rotein was deter-
mined according to the method of Lowry et al P8J. with bovine 
serum albumin used as a standard. 
The specific activities of two enzymes in the cutaneous tissues 
were expressed either as picomoles/min/mg of protein or as pico-
moles/min/mg wet weight of the tissue specimen. The concentra-
tion of serotonin was expressed as picomoles/Illg wet weight of the 
tissue s~cimen. Results were expressed as the mean ± standard 
error. The statistical difference was analyzed using Student's t-test. 
In the whole blood and the platelets. the enzyme activities were 
expressed as picomoles/min/mg and as picomoles/min/mg of pro-
tein (or picomoles/min/l0!0 platelets), and the concentrarions of 
serotonin were expressed as nanomoles/ml and as nanomoles/mg of 
protein (or nanomoles/l 0'0 platelets). respectively. The results ana-
lyzed were mean values of triplicate determinations. 
RESULTS 
Effects of Pargyline on MAO Activity Enzyme preparations 
from intact guinea pig skin or platelets were preincubated with 
pargyline, an irreversible and selective inhibitor of MAO type B 
activity [14.151. before the addition of substrate. With the skin 
preparation. a plateau inhibition pattern was obtained with a final 
concentration of pargyline between 5.25 and 6.25 (-log M) (Fig I) . 
At these concentrations che remaining activity, 92% of the control, 
was considered to be MAO type A. The activity of MAO type B, 
which was calculated from the value of total MAO activity minus 
MAO type A activity, was thus 8%. Therefore, 1.8 X 10-' M (-log 
M = 5.75) pargyline was routinely added prior to the substrate in 
subsequent experiments. Because increasing concentrations of par-
gyline resulted in a simple sigmoid inhibition for MAO activity in 
the platelet preparation (Fig I). guinea pig platelets were considered 
co possess only MAO type B, a result in agreement with that de· 
scribed in human platelets by Neff and Yang [19] and by Donnelly 
and Murphy [20]. 
MAO Activity The specific activity of total MAO in intact 
guinea pig skin, 108.0 ± 15.9 pmolJminJmg protein (TableI), was 
similar to that reported by Grebennikov and Vasilyev [1] in human 
skin. but was lower than that found by Bashey and Mori [2] in rat 
skin. Twenty-four hours after the initiation of inflammation. total 
MAO activity was significantly decreased in the Arthus reaction 
(p < 0.005). while slight but insignificant increases were observed 
in dinitrochlorobenzene allergic dermatitis and croton oil derma-
titis (0.25 < P < 0.50 and 0.05 < P < 0.10, respectively). These 
increases seemed to depend on the increase in MAO ty~ B activity, 
as shown in Fig 2. In the Arrhus reaction sites, total MAO activity 
increased to 130%- 150% of baseline until 2 h. returned to near 
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Figure 3. Time-dependent changes of monoamine oxidase (MAO) activity 
In rh(' Arthus reaction sites. Ponti A: Total MAO activity (dostd Cl'rclts) and 
MAO ty~ A activity (opt" (irefts) are illustrated in solid lints, and MAO typt: 
B activity is also indicated by the shadtd arta. Panti B: MAO type B activity is 
illustrated mOTe: definitely by the calculation from the value: of total MAO 
activity minus MAO type A activity as the ratio to total MAO activity. Each 
poin! represents the mean value:. and the: IItrti(af bar shows the standard error 
of four skin specimens with duplicate determinations. The enzyme activity 
is expre:ssed as pmolfmin/mg protein (100%: 108.0 ± 15.9), and the results 
are essentially the same: when ('xpr('ssed as pmolfmin/mg wet weight. 
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Table ll. Concentration of Serotonin and Specific Activity of 
Monoamine Oxidase in Whole Blood and Platelet of Guinea Pig' 
Serotonin 
Monoamine 
oxidase 
(MAO) 
Whole blood· 
0.25 nmol/mml 
< 40 pmol/min/ml 
Platelet 
0.51 nmol/mg protein 
(7.40 nmol/l01o platelets) 
41.59 pmol/min/ mg protein 
(341.7 pmol/min/10lo pl:udets) 
• Results are expressed as rhe mean v~lue of triplicate determination. 
~ Whole blood com .. illed 34.6 X 101 platelets/ ml (or 0.229 mg/ml when expressed 
:liS protem :lImount). 
baseline levels from 3 to 6 h, and then decreased to 50% at 12 hand 
to 20% at 24 h (Fig 3A). Although the time-dependent changes of 
MAO type A activity were almost similar to those of total MAO 
activity (Fig 3A). MAO type B activity increased CO 42% at 30 min, 
sustained 30%-40% until 6 h, and then fell linearly to 20% at 12 h 
and to 5% at 24 h (Fig 3A,B). 
The specific activity of total MAO in the whole blood was lower 
than 40 pmol/min/ml, while that in the platelets was 41.59 pmol/ 
min/ mg protein (Table 11), a value consistent with that reported by 
Donnelly and Murphy in human platelets [20J. 
As a next experiment, we examined effects of histamine or meth-
ylhistamine on MAO activity, because histamine-N-methyltrans-
ferase (HMT) was considered to be a major histamine-degrading 
enzyme, and metabolized mcthylhistamine was a substrate of 
MAO. In our in vitro assay system, neither histamine nor methyl-
histamine influenced [he MAO activity of intact guinea pig skin 
(Table Ill). 
NAT Activity The specific activity of NAT in int.1ct guinea pig 
skin (measured at noon) was 10.36 ± 0.97 pmolJ min/mg protein 
(Table I) , a value about 10% [ha< of MAO. NAT activities in the 
three types of inflammation and that in control skin are illustrated in 
Fig 2. Twenty-four hours after the initiation, NAT activity was 
extremely low (p < 0.005) in the Arthus reaction sites, about 32% 
of the control activity, whi le that in ONCB allergic dermatitis 
increased to 160% (p < 0.005), and those in crmon oil dermatitis or 
uninvolved skin of Arthus-induced animals were strikingly similar 
to that of the controls. Figure 4 shows the derail of time-dependent 
changes in thc Arthus reaction sites. The activity of NAT decreased 
in a time-dependent manner to 50% of the control at 30 min and to 
35% at 4 h and was stationary until 24 h. A nocturnal increase was 
not observed in control animals or in rhe normal skin of Arthus-
induced animals (Table I) . 
Serotonin Concentration The concentration of serotonin in in-
tact guinea pig skin was 0.025 ± 0.0003 pmol/mg wet weight 
(Table 1). The time-dependent changes observed in the Arthus reac-
tion sites are shown in Fig 5. The concentrations in the various types 
of inflammation 24 h after initiation have been demonstrated pre-
viously [9]. Aftcr initiation, the concentration decreased linearly 
with time to 16% of the control level at 1 h, then rose linearly to 
240% at 6 h, and remained at more than 200% until 24 h. These 
results are similar to those of our previous study [9]. 
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Figure •. Time-dependent ch2nges of serotonjn-N-2cetyltransfer2se 
(NAT) 2ctivities in the Arthus re2ction sites (closed circles) and the perile-
sion21 int2ct2re2s (optn cirrles) . E.ach point represents the me2n v2lue, and the 
Iltrtica/ bQr shows the st2ndard error of four skin specimens with duplie2te 
dctcrmin2tions. The enzyme 2ctivities are expressed as pmol/min/mg pro-
tein (100%: 10.36 ± 0.97 2nd 10.25 ± 0.38, respectively). 2nd the results 
are essentially th e same when expressed as pmol/min/mg wet weight except 
3 and 12 h after the initi2tion. No significant change W2S observed (see 
Table I). 
The concentration of serotonin in whole blood was 0.25 nmol/ 
ml, while that in the platelets was 0.5 1 nmol/mg prorein (Table II) . 
The larrcr is consistent with the value found by Da Pradaetal [21] in 
guinea pig platelets. 
Effects of Exogenous Serotonin in the Arthus Reaction 
Sites Significant effects on the macroscopic findings :U1d hista-
mine metabolism were not seen at doses of 0-100 nrnol of exoge-
nous seroeonin. More than 1 ,umol of serotonin induced central 
necrosis and reduced the HMT activity (Table IV). 
DISCUSSION 
We have previously reported that the activity of histamine-N-
methyltransferase (HMT), a major histamine-degrading enzyme in 
cutaneous [issues, is impaired in the Arthus reaction sites induced in 
guinea pig skin [8,10], and we have demonstrated the possible oc-
currenCe of inhibitory factor(s) [8]' OUf recent studies showed that 
HMT activity is competitively regulated in vitro by the concentra-
tions of such compounds as serotonin, dopamine. tryptamine, and 
tyramine, whose chemical formulas contain a similar structure 
[22,23]. Of these representative biogenic amines, only serotonin 
was increased in Arthus reacnon sites 24 h after initianon, and the 
increase of serotonin and the decrease of HMT activity in the reac-
non sires made an apparent mirror image. These results were con-
sistent with a hypothesis that serotonin acted not only as a chemical 
mediatOr but also as a HMT inhibitor. However, such a hypothetic 
interaction could not torally explain the observations, because the 
net decrease of other amines was far greater than the increased 
Table III. Effects of Histamine or Methylhistamine on Monoamine Oxidase (MAO) Activiry-
Total MAO activity (%) 
MAO rype A activity (%) 
Control 
100 
92 
6 
107 
90 
Histamine (-log M) 
5.5 
104 
94 
5 
103 
92 
4.5 
97 
95 
4 
100 
94 
6 
96 
89 
Methylhistamine (-log M) 
5.5 
102 
94 
5 
98 
92 
4.5 
104 
89 
4 
104 
90 
• After preincubation with or without 1.8 X IQ-6 M pargyline. 0.67 mM UC-trypl:l.mine and variousconcenrration ofhistamine/ methylhist:.l.mine as india.ted were added to the 
enzymc prcp:.l.r.ltion from int:llct guinc~ pig skin. Then samples were incubated for 20 min at 37 ·C in a toul volume of 100 Jolt. The enzyme :.l.ctivjtics are expressed as % activity (100%: 
10B.0 ± 5.9 pmol/ min/ mg protein). alld eaeh result represents the mean value: of tripliC:lIte: determinariOll5. 
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Figure S. Time-dependent changes o( serotonin concentration in the 
Arthus reaction sites after the initiation. Relative changes are expressed as 
percent. One hundred percent is equaJ to 0.025 ± 0.003 rmol/mg wet 
weight. Each point represents the mean value. and me vtrti(~ b~r shows the 
standard error o( (our skin specimens. 
amount of serotonin 191. In the present study, we examined time-
dependent changes of the serotonin metabolism in order [0 better 
characrerize its role in Arthus reaction sites. 
In intact guinea pig skin, the specific activity of total MAO was 
108.0 ± 15.9 pmolfmin/mg protein, about 10 times greater than 
that of NAT. The apparent Km values of MAO and NAT for 
tryptamine were 0.7 ± 0.2 mM and 2. 1 ± 0.4 mM, respectively, 
and that of NAT for aceryl coenzyme A was 50 ± 10 J1M in our 
assay system (data not shown in this text). Though the apparent Km 
value of MAO for oxygen was not examined in the present study, it 
has been demonstrated to be about 0.2 mM, and air satu rated-water 
contains an almost similar concentration of oxygen at the physio-
logic temperature 119]. Therefore, MAO was considered to be a 
major degrading enzyme of serotonin in the cutaneous tissues. 
Methyl histamine, which is a major metabolite of histamine and has 
been considered to be a substrate for MAO, had no significant influ-
ence on the enzyme activity, probably because methyl histamine was 
not an adequate substrate for MAO compared wi th the trypcamine 
that was employed in our assay system. 
The specific activities of twO serotonin-metabo lizing enzymes 
were extremely low (p < 0.005) in the Arthus reaction sites 24 h 
afte r the initiation, while those in the uninvolved area of Arthus-
induced anima ls were strikingly similar to the control activities. 
Total MAO activities in other types of inflammation increased 
sl ightly but insignificantly (DNCI3: 0.25 < P < 0.50. C roton: 
0.05 < P < 0.10) and seemed to be due to increase of MAO type 13 
activity. In contrast. NAT activity increased (p < 0.005) in DNCB 
alle~g.ic dermatitis and was similar to the comrol in croton oil der-
m:Hltls . 
The concentration of serotonin in intact guinea pig skin was 
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0.025 ± 0.003 pmol/mg wet weight. and the time-dependent 
change showed a biphasic pattern in the Arthus reaction sites. This 
change might be explained by the dynamic changes in the activities 
of serotonin-degrading enzymes. The prominent linear decrease 
until 1 h after the initiation may reflect metabolism by MAO type 
A, a preferential serotonin-degrading enzyme /14,19,24 J thac sus-
tains almost 110rmallevels during this time, or may reflect wash-out 
of serotonin from the site by regional circulation. Subsequent to 1 h, 
the serotonin concentration rose to 240% of the control level at 6 h 
and sustained more than 200% until 24 h after initiation of the 
inflammation. 
Cutaneous tissue is generally rich in mast cells, and the concen-
tration of tissue serotonin has been considered to depend on the 
number of mast cells [25]. However, no significant increase in mast 
cell numbers has been observed in the Anhus reaction sites, as dem-
onst rated in our recent stud y [26]. Therefore, othe r factor(s) should 
be taken into cons ideration in analyz ing the metabolism of sero-
tonin. as proposed by West Ct al [27]. Platelets, which are also rich in 
this amine. are considered to be a convenient source of MAO (14], 
and human platelets have been demonstrated to possess only MAO 
type 13 [19.20J. In the prcsentstudy. guinea pig platelets were found 
to be rich in both seroton in and MAO activity (only type B). From 
these data , we suggest chat the accumulation of platelets in the 
reaction sites may produce the recovery and increase of serotonin 
and the increase of MAO type B activity. In other words, the present 
results indicated that more than 0.4 mljh/ mg wet weight of blood 
flow into the reaction sites could stoichiometrica lly increase both 
serotonin and MAO activity subsequent to 1 h after the initiation. 
The sharp increase in serotonin concentration in the period of 6 h 
later is partially explained by the decreased MAO activity, because 
the enzyme ac tivity decreased prominently in this period. In fol-
low-up of the present investigation, because local serotonin synthe-
sis should also be considered, we are now studying the two serotonin 
symhesizing enzymes, tryptophan 5-hydroxylase and aromatic L-
amino !lcid dec!lrboxybse. 
The major histologic changes in the Arthus reaction are in the 
cutaneous basal cell layer and mid-dennis. Francis et al [28J reported 
that in human skin HMT was located mainJy in the epidermis and 
papillary dermis. and our preliminary investigations with an immu-
nofluorescent technique have revealed that in guinea pig skin the 
enzyme was loca ted mainly in the epidennis and in the perivascular 
areas of the dermis. Because the Arthus reaction is a representative 
model of immune-complex-mediated vasculitis, serotonin liberated 
from . platelets may playa crucial role in the development of the 
reaction. 
llased on these results, we hypothesize that the increase of endog-
enous serotOnin reduces the local acti vity of HMT in the Arthus 
reaction sites. Further investigations of the Arthus reaction may 
reveal more detailed biochemical mechanisms of cutaneous type 111 
allergic inflammation. 
This 14Jo rk w~s supporttd irl part by agrarlt from tht Mi"istryofWtIfartand Health 
and a grIJlIt from III(' Mlnislry of Edu(Qtion, Sdl'tlct arid Culture ill Japan . 
Table IV. Eftecrs of Exogenous Serotonin on the Macroscopic Appearance and Histamine-N-Methyltransferase (H MT) Activity· 
Exogenous serotonin dose 
Saline only 
100 plllol 
1 nmol 
10 nmol 
100 nmol 
11lmol 
10 Jlmol 
Macroscopic augmcntuion 
of 
I he Arrh us rcacrion 
no augmcntarion 
no augmentation 
litde augment.ation 
lirde augmentarion 
increase o( central necrosis 
increase of central necrosis 
HMT acrivity 
(pmolfmin/mg protcin) 
40.33 ± 2.53 
41.15±5.08 
41.78 ± 3.68 
42.35 ± 4.75 
41.83 ± 3.73 
25.73 ± 0.55 
2.98 ± 0.80 
• V,maus conCcntrallOn of exogenous strotorun m 100 pi uhne ..... as mtrade.rmally ItIJe.cre.d into the Inflamed Sit" 30 mm after the lrutianon of the Arthus reaction .lind biopsia were 
uken 30 mm after the mJection. Results arC' expresstd as the mean ± nandud error of four skm specimeru from four gUlnca pi~s ..... lth duplicate delCrminations. 
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